(19) n^^&^mmmmm 




(43) sBs^gas 

2002 ^9 ^ 26 H (26.09.2002) PCX 



iiMiiiMiyiiiiiiiiiiiiiinnnii 

(10) Sl^^ggS-^ 
WO 02/075831 Al 



(51) mm^m^m': 

(21) sRsmes-^: 

(22) siemsB: 

(25) sBsmea}^^: 

(26) Bi6^Baa>ss: 



HOIM 4/96, 4/88, 4/10 
PCT/JP02/02619 
2002 ^3 19 B (19.03.2002) 



(30) «5t«-r-5i: 

«flii2001-78196 2001 ^3 19 B (19.03.2001) JP 

(71) aiiiAf*s$KE<^r<Dji3e@i-oi>-c;: H*®Si 

M^A^tt (NEC CORPORATION) [JP/JP]; =f 108-8001 

msai mm set b 7 « i ^ Tokyo (jp). ^^ats 

Sn^lSQ (JAPAN SCIENCE AND TECHNOLOGY 
CORPORATION) [JP/JP]; =f 332-0012 MISR JHOili 
:^PlTlzaTSl#8-^ Saitama (JP). 



(72) S6W*;j3J:l^ 

(75) «IW«/ffl»A (*SICOl^T<D^;: *Ki5l(YOSHI- 
TAK£,Tsutoinu) [JP/JP]; T 108-8001 *E 25 

T i 7 » 1 ^ B*m«**«#ttrt Tokyo (JP). 
mm (KUBO.Yoshimi) [JP/JP]; =f 108-8001 «E 
SET g 7 S 1 # B*«Sc*S^Ettl*i Tokyo (JP). tR 
a (IlJlMA,Sumio) [JP/JP]; =f 468-001 1 Sfll!^ € 
tSMHi 35eB¥«t 1-1 1 1 0-4 0 2 Aichi (JP). 31 
m% ilt^ (YUDASAKA,Masako) [JP/JP]; T 300-2635 
3£«R O < tfrlT m** 2-8-3 Ibaraki (JP). 

(74) ftiSA: jfeE3iE». W-(IKEDA,Noriyasu et at.); =f 
105-0003 m^iS fiE ii«f<S 1 TB4S1 0#|g = 
iSejW Tokyo (JP). 

(81) ffi£B (Srt;: ON. JP, KR, US. 

(84) fiSOi rl£lt;: 3 — a «y /<^ff (AT, BE, CH, CY, DE, 
DK, ES. Fl, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, TR). 



= (54) Title: FUEL CELL ELECTRODE, AND FUEL CELL COMPRISING THE ELECTRODE 



^ (54) n^oi^m: «tnwmmm».ifi*i^mi^tzmnf&m 




(57) Abstract: A solid polymer electrolyte-catalyst composite 
electrode which is composed of carbon particles carrying a solid 
polymer electrolyte and a catalytic material. The solid polymer fuel 
cell electrode contains caibon particles which are monolayer carbon 
nano-hom aggregates in which monolayer carbon nano-homs made up 
of monolso'er caibon nano-tubes of a unique structure having a conical 
shape at one end are agregated into bails. A solid polymer fuel cell 
using the electrode is also disclosed. 

(57) Wt^i 



00 

ri 
O 



Serial No. 10/698,964 
Ref. B2 



wo 02/075831 Al liMIHUIIiliniPinillliilliillllll ^ 



wo 02/075831 



PCT/JP02/02619 



m m m 

fc. lEJ^r-JiTIB (2) ^■t?:^'fSiS:^S>^CSo 

H2 ^ 2H+ + 2e- (1) 

1/202 + + 2e- -* H2O (2) 

^mm(Dmm^MmtjEm(D^mm^m^\.xm^^ti^o r<^M^^j*. 



1 



wo 02/075831 



PCT/JP02/02619 



9 



Rxf. nm^tiit7\^(Dmmmm^^^^^tvx(D'^p]^u^o 
nm.m<Dmm^-\-^i^^\ ^m-r^t \tx^ 

tmnmm(Dw^t(D^mi^o^^xm^t/^t^^m^tix^f£7b^^fzo::(Dtiib^ 
m^^^itz}^tvx^m(D^m!^m^m\^^tcmw^m^'f-m.mmmmtm^^ri 

^<D!mm^^n^^X%1ti)^^ \f^t.tdmm^i:^^:dmbtiX\,^fj:\,^(D:dm^Xh 



2 



wo 02/075831 



PCT/JP02/02619 



Ci i: $) S o 



3 



wo 02/075831 



PCT/JP02/02619 



5>^=■«i^®o=ltI^ K)btr$>m?^{e:^^APU-C. Hufe^^&-^<^^tSl-=' K^^ 

^^ir^m^mMmwmK:id\^x. wrmM.m^'S.tx^x^ ^mw^^ii^hfi^i^m. 
t mi^M^'f-m.mMtxm'^Pft:m^vx\^^^ :i t ^wmt-r^mPfM^^mm 

4 



wo 02/075831 



PCT/JP02/02619 



*fc, T^lgBJcD^l 8cD^#l3:j:n«. ^^5^«m^ffi3^t UTffiv^^^i:'l^# 



wo 02/075831 



PCT/JP02/02619 



xmmi^mm-t^o 

6 



wo 02/075831 



PCT/JP02/02619 



^;!)s#^p,n'5o u;i^u/^^sfj. m\^x\^^fj:\^^m^hh^itm(Dwmxmcx\^-^ 
^tixm^-r^^^hh^o m^-r^ti^. mm^'^-it)mhf)^(Dtixi5:s.h^z.^\ 

*fci. mM''^^tmm^M^\^x\<^^m'k\^\-i. mm^m^\.x\^^h(Dt^ 

7 



wo 02/075831 



PCT/JP02/02619 



(Dm-mi^m.m-t^(Dx\ m^i-^. ^mmn<^^i^^^^^h^<ir^^ti,^^<^x. 
itmmm^^^ <-r^t^ mm^W(om.mm^^m^xmmmm.(Dm^\^±kc^m 

•f '^etJ^. mK.i-£m^mif>xiz^ti:itmmm^w<:>t\,^^fc:ifxi-imm. mm. 
mm<Dmm^m7!>^'izmi^i^±'t^^t7!i^x^^:i.t^M.\i^ievtio -^^i^^-h. 

8 



wo 02/075831 



PCT/JP02/02619 



mA-r^'^'^ h(o±^^^i^^. ^A-r^m'mw<DA. ^m^-r^xKm^x. 

mmm'^(r>yf-^>hfj:^^\^\'^m.mm^w-x^^^.mi^—^-i^-r J 
fcs^^fE^^n-rv^^So ^\.x]i^^mmtv.xmmuwMm^m\fhfhx\^^^o u 

nm^m'^i^mi\^\^±-ir^:Lti)^x^^^t^w^^f€.\.fco irtiit>^. m^mn. 
mmM<ommwT-t u-c^-jj^^-^/ji^— mm^^-b^^ 

^\^^-<ti^m^^^M^j^^i^'t^<D\z:Mmxh^ . mPcnMmwmt vxm-M 

9 



wo 02/075831 



PCT/JP02/02619 



:^fRl<^S$;&S 1 o nm~8 0 nm^S^*;t«3 0 — 5 0 n m^S<^t)<^-efeSo 

10 



wo 02/075831 



PCT/JP02/02619 



fmi^mm\^nL'-\^m^^ h^f^\^^:hx'< oov^Tv^^<t pj^c^^t-^^o ^<Dm^ 

So 

6*j/.c:«7— ^r^-:/© J: 5 {c:iK^-rbt>^ds— ^oR^lfP^Sr^i-^ i!{*PSe> 

•ry 5 -ct*. ^-cj^^ < mMt^ox\/^^m^tm x:^mmxm^\^x 

11 



wo 02/075831 



PCT/JP02/02619 



u■cv^<^^ ^m-m:^—^i^-r.f:^—>5i!>mmm^ti:<:>x^m-Am< fj:ox\^^ 

i/ji5-et§„ z.(Df^^^ mmmw7 7bmw^^x\^^^m^\Mmw-m^^mmw 
9m3^\t^±i^^^vitmmKf£^x\^^^o ^tiKx^xmrnmn? tmi^^m^j^ 

^\^fc7km^:ti^i!>^mmmi^mmm^Bm^nxmimm^m^\^±^'&:^^ 

12 



wo 02/075831 



PCT/JP02/02619 



[p] ±i- S ^ CD ^ IJ § o 

~8 0 nmOi^'^idSfeSo $ blc:t*3 0~5 0 nnKD^-^tsfeSo rtt(idi^(D 

13 



wo 02/075831 



PCT/JP02/02619 



1 0~2 0 0 nmT*&5o Vt^Vfj:*^^. Htr^L^J:9l-. rtlbS'&f*:}!. jCI^ 

>5iK mmm. ^m-^. mm. mti:^jfmif(oxofj:m.^^^'t'^'m\^^xh^ 
(j: J: o xmm^MmmM^mi^m,mnt:m^-r^ ^ti^x^ xmmmmmm t v 

f£^o ^bT. mim^i!>mm'^:^m^i:t'(DRJit:^:0:^<D^^^/i^h\.xmm^^ 

m^-^x^w^th. ^hiz-mwrn^^mmnh^dm^wp^m^^x^x-r^:! 
tf)^x^^f^}sb. mthfMm^m^m^^Ltti^x^^o 

m.^wm(Dm.mmm^m\'^^ ^ ^ o . mmnm^^^n^^^ tt>^x^^t 

14 



wo 02/075831 



PCT/JP02/02619 



7 6 OTo r rO^«i4:«f^:^ffl^4'-t?. ^y^T^ \^m<OmW^^ 

15 



wo 02/075831 



PCT/JP02/02619 



5 ^m^\^^m-r^ r t t'#5> ^ t mitf^^^mt lt^i. -B^j^fi, nmm.. 

OT o r rSS<Z5^HT'^«l5-t-5r.i^;6S^^T?#^o *D!a^S.I^^^:oV^T«. 2 
5 0~7 0 OX^m&<ommX. ^^\^n2 5 6~6 O O'CUtT.lrV^oytJtli^^tJ'tg 

jfedSs ±lE?ajF^ffli*9<^)— ^<^ia^-r*<iftit-rs— ^pgMa-rfcoT 

mm^mmi\^:kmm(DmtYfm^mir^mmm^x^—:^i^ 
Kx<^xhs umiL^nm^^:Lt^^^x^^. ^mmmti^xi:^. mm^m. m 

16 



wo 02/075831 



PCT/JP02/02619 



v^5^(D;btST-fcSo mmi^^. :^7-#:/"t- yjJ^-V5. ;^7-#v:^/ 

17 



wo 02/075831 



PCT/JIP02/02619 



5t$^^>feV^;JS^ 4 0 0~2 0 O ot:ig^-e3!>nj^^v\ 

Tjf tk-^- 5 1 (oHnuu^xmm^fhx \^-^^x\^^m^iyn7i.h^^o 

^Ifis-f-'fet?-^. mm^mmir^:Lt\z^^ ^ ^ffii- 

—^<DmtmKmmt^t^<. m.m^'=S':^—^->-ry^—^^M^mz.n\.x^ i£<D 

18 



wo 02/075831 



PCT/JP02/02619 



m^m^m\f^x^^\^\ 

19 



wo 02/075831 



PCT/JP02/02619 



hnx\^^'^mm^i:.<^xffDz.t-hx%^t>^ ^(Dm^. 

s ^ let o -c . mmmm 7 (D^^i^^Bf^mm^mm ^ < mm-r^ r t -d^-^m t 
fj:^o ti:is^ ^(Du—'T—mmmii^^^x^mtmmmm^mmmm^'^^m 

hmmmwo^^—'^^y v\z.m^\^yy-^-^mM\^xmmz.m%-^^^^^f^i^ 

m^. w>im\^7f^^i^^fz.mwm^^mx.f^mPrm.mmwmK-^\'^xmm-r^o 

20 



wo 02/075831 



PCT/JP02/02619 



(mmm 1 ) 

'r-^^:^iym^'tmPfM^^n.mMm-^^o. i~o. 4mgXcm^ tfj:^xo 
iz.n-mm-:f^/>tm^mwLx-m^'?-mmm(D=^rj4 v^^^^mi^^^i^i^t^o 
Mmt 3 b ^ v?t 5: >-e^5«m^?^ 5 0 0 g 

8 %rc ^ y — 6 0ml ^rn^DD urco CI <om^^MM.(Dm 9 5 "c-c 8 m^mwf^ 

mm:^—^^^-f-y^-^^^M'^i^(Dmm\^MV5 0%mmx'hoito l^:^© 

tilibicm^W^^t VXD e n k a B 1 a c k5S^ffiV^, ±.m t mW^i^t^^M 
(7)Denka Black (DBM^^tl^i^^±^(Dm^'^mMn(^=' ^ ^ h^'^^ 

21 



wo 02/075831 



PCT/JP02/02619 



mmi±. Denka B 1 a c k trJlV^fc^lZl^^ 7 0 m V g ©ST-fcofcjiS^ 

mm:^-^y^y^ ^-^^M^i^^m^^ti^^\zm oo-i soom^/^gss 
mw^m^^^mum-t^ ±.mm:mmitmm\z.\^x^ Tji^^—ji^mmt\.xTjv 

^^-^r^ ^ta, 7 6 OTo r r (D^fS#:^;5^#a^(t»-eilBt 

m^^n^o ^CDJ: 5^^;^^fe^ffiv^ar i:Jc:J;oT. ±|2llJfe^J l <D J; 5 ^^^^^ 

xmww:^^mmmmmmn.m.^Yfm i^tco 

22 



wo 02/075831 



PCT/JP02/02619 



h(v:;g^^;;^f;^l— if— 7 6 OT o r r (D^^^^ ::^mm%.^'^ 

mmm^tL\-tti-~7r;:y'r J -7 T ^ ^<—tmn^f\.fz.mm.tf^<>x\^f^o ^<Dwm 

]) -i^mmxm^\^tim. iimm.m\.xmw--mii^'=f-m.mnmmmwm^Y^ 

±MmMm 1 1 m^(o:^^xM-mti-^i^-r J ^^-—lym-^Pfi^n'D e n k a 
B 1 a c \!i^^mu^^\^m\^^tLmi^m^'^Mmmnm.mmM^Y^m\^f^o 
mm^f =^Tf^i^^±Mm\ifm'^'^mMm.m:'ry ^ 1 1 .5 oTOic^a^ 1 0 0 ~ 

2 0 O'C. JE;^10~100k g/cm^'X-^y b ^^i^:^ UT«^-S^llir^^ 

#:^f^^b^„ ^n^mnmM(D^-^/\^mmmmm:\z.^yh\.x^^^^^ 

23 



wo 02/075831 PCT/JP02/02619 



#&^iiJ^LfCo ^(D'^^. Denka Blac k ^^m^^^^:fflV^f^:^^^: 
m^^^7 O OmA/cm2le:*3lt?)«m«ii£li6 2 0 mVm^Tfeofc;?)^ 

K y 5/ ^ . >jr 5 /vttMo 5 %i- -y >r V'^?^?!: @f^ii5:»-^^m^l?IC»*s 0 . 1 ~ 

0. 4nig/cm2i:7fe5J:5le:n -g^m:/^^v h m^m^ bTi^^^^m^«o 

5, h tcM^:3(f ;^ if — ^^ig.^ 7 6 0 T o r r o^^tt:;5f 

24 



wo 02/075831 



PCT/JP02/02619 



:t> — ^>-ry :^ — ^^m^i^i-i. 7 6 0 T o r r x^#ffl^'t'T% 

J '^=^-—':f^^'§L\k.Xl. 10, 5 0%iP;t, ^—/i^^^'V-e+^lJ: 
m-a-i-Sr ^;tcj;o-r. 7J?>":^/*J— Jl^^-t-y^^— :/<73m 

&^<Dmwmi-immm^'i-<Dmm\zM u 5 o %n&xh^ tc, 
Kn-mm-^^ji-tm^mwvxM^'^mmm<D=i^-( v^^wcm^^t^i^tio 

^m^^ito ^ti^<D^nm^m=^m'^wii^Kx<>x^-p^hm^\^ito :i(o^ 
tm^mx.xmw-Wy^i-m.m^mMLmmm^Y^ui^f^. 

r © J; 5 L- r b 5 as <^ mtlt^ Ji5ffl?L57-* ^ ^ BS^& J- J: o T xl!)^ b 
±lc:^nm~#:+nm|Sfflt;i^7US^*bT:i3i9, ^^Z^/V^X^^ 

25 



wo 02/075831 



. PCT/JP02/02619 



ol&T^-ef^ :!t7 — Ji? y ^zj.—zf 2 5 — /}? i^-t- 7 3^^— 19 l,z.^?^H\>^fc 

(OmM^^Sraa^-rsi:. :»-:^-l^-ry:t^—l^m^i^2 3<D^7!}^hfj:^m^i-i. 
^^WHiWmfi cm.n^^l(Diz.nVX. :^—:^:^-ry^=^—^^l. 10. 5 

1 2<Dmm^Umi O 0~1 S Ot:, JE;^j1 0-1 0 0 k g/cm^t? 

tiZ.X^X. ±B&(Dmi6 2 OmV^ 6 5 0mV, 6 5 0 m V i: ;^7 — /J?>":hy /l^ 

26 



wo 02/075831 



PCT/JP02/02619 



\z. mi2nm%^Tvtzo 
(^iiM8) 

ml (^7KT^i^U. :^J-/l^>*&#:^iin;^. TjN^^^rJ-'I'-tf ^fflV^T 3 0 ^i'F.git^b 
;fe„ 3 0%Oja^'fb;ic^7Xl 0 0ml Oml/ini nTiJPA., m.^(r>B^^ 

^m^m^B^::iU'i ^^mt-^"^. nmzti—^>n^^W(m-^^tco wm.^ 

5'^5J?>^fcM:^:7^::r>l 1 7(DM®IC1 5 0'C> 2 0 kg 
OmA/cm2^<D«?l&mjEJ* 6 5 OmVT^ofeo T-fe5^l/>:/^ >;/ ^J7:^#::fe 

5 6 omv<i:6 0 0mVT*t)> :^—^y^y^-yiiT-^^uy:f^yir^m 
^i^mm^mwi^rcim^\zmm^mi\^±'r^^i)mm-^nr^o 



27 



wo 02/075831 



PCT/JP02/02619 



^ 1 













6 0 OmV 


6 5 OmV 


6 0 OmV 






5 6 OmV 










5 2 OmV 



6 0 0 mA/ c m2^CDtt?t6«ffi(D^l!l^^^^^ 2 Jc^-To 



2 













6 0 OmV 


6 4 OmV 


5 9 OmV 






5 6 OmV 










5 2 OmV 



28 



wo 02/075831 



PCT/JP02/02619 



(.mmmi o) 

izyKm-mm^^mm (i^ffi> sot:) ^•r§-fe;i/Tit?i&ii^tt^?B!i^bfe^^, 

(^J£0iJ 1 1 ) 



3 















4 2 0 x:mm 


5 0 0 "cma 


itmmm 


9 2m^Xs 


3 2 0 


1, 00 Om^ 


1, SOOm^ 




4 8 OmV 


6 0 OmV 


6 6 OmV 


7 0 OmV 



(^Jfi^aji 2) 

izm^^^:^—^>i-/^'- >^mm 70% <Dmmmm^tzxnx 

-4^ y tJn- > j^Mli t § e ^ - >'i'^^ -^^^^ Ay fc^^^Ti^-- < 

y^'yv^ b.'^^'t^ t.^mM^ 2 0 0 mA/ c m^TcDttmitJEi^^^lSlit" -5 



29 



wo 02/075831 



PCT/JP02/02619 



(mmmi s) 



m 4 



















5 ~ 1 0 n m 


1 ~ 2 n m 


1 ~ 2 n m 




4 0 OmV 


4 5 OmV 


4 3 OmV 



« 5 







mifiim:fy—:^l^i-y 




2 Q 


1 . 6 Q 




4 3 OmV 


4 6 OmV 



(^Jg«3Jl 5) 

/J?>'^y /Jn — g^7|<2 0 0ml (C^)P;t. ®^^^/Jn^ v'-:h-r i^* (BRA 
NSON^t^SON I F I ER4 5 0) ^ffiV^T4 0 0 W(7)Jli;^l? 1 ^f^^^J^ 



30 



wo 02/075831 



PCT/JP02/02619 



\z.mt&^^i g t^mftTkmi- h y ij^a 2 g ^*d^. mu^ 5 o'Ciz.^wvtc 

pHsicipsby^im. 7K3 0 om 1 ^jn;t^f^ufco z (DmMi^ 3 0 

>-1±$S5%-:h7w':^:-^^?tl 8ml ^mK.mW.l^fc^. h±i^M^ 
1 2 O'CT'l 0:5)-P^^#U. ^Jg|^m»2mg/cm='^lr#^$-^:^„ 

^mMl-fct:!^. mm^^Q 0 OmA/cm^a^Om^Himffi^^e 0 OmV-efc 

mmm 1 e ) 

T-fe^v^^-^^'^ ^/iJ' 1 g^7K2 0 Om 1 {e:AP;t. m=^^^'^''^i-^ (BRA 
N S ONtti^S ON I F I ER4 5 0) ^fflV^T4 0 0 WcDffl::'3T- 1 0#^1®^i^ 

p H 5 U;^c^. tK 3 0 0 m 1 ^;!lP;t^lR r (Dmm\^ 3 0 %i§^^b7}c 

m7k5 0ml ^M^. mmf^(D^^'(t-^!^^m<t&±\^i^s im.^(D7}<.mihi-h 

1 2 CCTl O^PsmitU ^it^m»2mg/cm2^#^$-frfc:o 

31 



wo 02/075831 



PCT/JP02/02619 



tt^aa^tLlfe^ w<5x m^Sa^e O OmA/c m^^tom^&mjBE^SSs 0 OmVT' 
(^ffi^J 1 7 ) 

;«7— ^^J^ — >'A'^^*:«. ^ifi.T% HeSDOTorr Ng 3 0 0 

Tor r JJJl±(D^fflM-e. ^=7^7^ Y(D^ — '^y bfClCOa If — ^fiSIti" 

COi2:/KD#t|^;if^icm^> tK^ (2^j±. 8 0°G) ?rfflV^T^r/l-(D«^fgmidE 
#tt^S!J^b:^c^^5. 7 0 OmV<lr®;t6i«V^ttl;^ttJE^S#b^^fc„ 
(^Ji«»l 1 8 ) 

fs—ifsi^-TJ ^i&t?, Ar 1 50Tor r~700Tor r 

©#H^T% ^^yy^ v<o^—^v ht^coa^— r-^B^M-rs r-T 

32 



wo 02/075831 



PCT/JP02/02619 



-(o^)v<D>m^i^^\^'^n. im (2MJ£> 8o°c) ^fflv^T•t/^(75«^5KmJ£ 

(*WJ1 9) 

^•mm.. 7 6 0 T o r r (D^?g'l4;^f:^#ffl^4'-efi?,l* Lr:^7«-7j?v-:^y 
-^-f^o^^T^^f^^b/Co :^->'^^^^^*t"-x?4 2 o°ci o 

1 5 0-2 5 o-C-cl^a o^ra^#bfc„ ^<^)^MjiMm^0^^-e4i^b:fei^ 

So 



33 



wo 02/075831 



PCT/JP02/02619 



W ^ (D ^ H 

2. m^mimm(Dmi^m:^'f'mmnmmmmmi^is\,^x, m^mm:^-:^ 

3. nim.imm.(Dmw-W:i^^m.mmmm.mnM\^m^x. mmwm^—^ 
t id J; ^xmw-m^'f-mMn-fmm.'^nM^mm. x^xt^^^t ^wwl t-r^m 

4. m^m3mm(Dmi^^^'¥-mmmmmmmm\ci5\,^x. mmmm:^—^ 

5. m^mium<Dmi^m^^mm'^mmmmm\^is\f^x^ ±^^m^'-^ 

6. m^mi^m<Dmi^M^'^mmmmmmmm\cm^x. mmmmi^n^ 

-mmmm i^^^^mt mm^W(D m ^mm ici o -c . mmmmum^^^'ry * 

34 



wo 02/075831 



PCT/JP02/02619 



tiimfAmm mmn^\^^M >'f^'mm^m^ ux s m 

35 



wo 02/075831 



PCT/JP02/02619 



2 1 . f**^ 1 3 /d^b 2 0 c^i^(Dv^-f ti'd^' — Diz.mw.<Dm^w,mmmm^:is 
xh^^t t -r^ymmmmmmmo 

2 4. ft*3^2 3^;ItB««iN-«?&ffl«@^c:joV^-c. mife^^7L<^^ 0=^/6^ 
0. 3-5 nmT'fcSr t^#m^-r-5;^5^«?&ffimfe 

36 



wo 02/075831 PCT/JP02/02619 

2 9 . It*:« 1 2;ii='b 2 8 (Dp%<D\,^-rM^~^\^^Wt(^i^^^f^^^^^^^ 

.3 3. ft^:«3 2^^:|B^(7)Mmmfflm^^-*3v^T. 

3 4 . lt:*3S 3 2 3 3 (^|Bm(^^5|S|-«?&ffim@J-*5V^-C. HUlB 2 

37 



wo 02/075831 



PCT/JP02/02619 



4 2 . 1 2 4 1 (D|^OV^-rtl.;^)^— ol^ffi^(D^5N-«?fefflS11(e:*3 

4 3 . 1 2 35*6) 4 2 (D[h(D\,^-rM>—D\z.^m<Dm^nMmmm\^^ 
4 5 . tt^^s 1 2 4 4 (oi^(Dv>-md* — o},z.^m(DmnMtkmwmi^is 

5 — 4 0° T'feS:i^^#m<ti-S^^m?&ffim^o 

38 



wo 02/075831 



PCT/JP02/02619 



4 6. m^mi 2ii^h4 4(D^(D\,^-r^7b>-'<^\ziUMt.(Dmnn^mnmii^^ 

5 1 . I»*3S 1 2 jii^b 5 0 <7)rt(Z>v^-ri^/^l^— o(z:|B^(D^3|sf.mmffim^tJ:*5 

39 



wo 02/075831 



PCT/JP02/02619 



5 6. mi^'m^'^mMnm(Dmmi^mM^mi^fcmw^M^^mBm-mm^i^ 

6 1 . ts^3S5 9*fc«6 o\z.^m(DmiPtnM.mwm\z.^^^x. m^:^—^ 
\zLm^ bfc (ox^ ^wm h -rs^5isf«?ifeffis@o 

40 



wo 02/075831 



PCT/JP02/02619 



6 6 . ft*^5 9 6 5 (^)^*3<©v^-f ttd^— otc:|5ifeoJ!^5|s|'m?ifa^m«itc:^ 

7 1. m^m7 oi:imm(Dm'^mmmmmi^^^^x^ mm^^^mK mm 

7 4 . ft 5 9 7 3 (Df^(DV>-f ;}^;^>^ — :3jJ:|B^©i^3N-mmffim^tJ:*3 

41 



wo 02/075831 



PCT/JP02/02619 



7 8 . it*3i 5 9 7&^b 7 7 (D^(D\^^-mf}^—oKmm<Dmnmmmmm\zis 

8 0. ff^^5 9d*b 7 9<^f^tov^-r^;5^— o{c:|B^<Di^5|s).m?&^miSt-*; 

8 1. ft>j^:^8 0(CfBic^7)^3N-^?feffl«^{-*5^^T. Hfi|S:^'-3it^>':^ / 7^:— 
42 



wo 02/075831 



PCT/JP02/02619 



8 6 . If 5 9 3!>^b 8 5 (Dt^(0V^-m;6^— otJ:|Bm(0^5^mmffimmiC*3 

8 8 . It*^ 5 9 8 7 (D^*gov^i='tL*^— oi;i|BS<^:^5N-«?&ffimilHJ:*3 

8 9. 11*^ 5 9 d^b 8 8 <^f*^(DV^-m/5^— olCfB^(0^^m?&ffimill-*3 

9 1 . m-^^ 5 9 d^b 9 0 (D|^<DV>-f ole:fB^<Dj^^m?&ffi«11t-*5 

v^-c. t&lB;&— 5 oj^;^T(^t;^-<^ hJt-efc-s ^ ^ Sr#1tt 

43 



wo 02/075831 



PCT/JP02/02619 



9 4. m^ms 9^-b9 2(Df^(D\,^-m-^^~<^icm^(Dm$^mmmmmK:is 

9 9 . If 5 9 d^e> 9 8 Of^(DV^T*^5?l^— 0{C|a^(D^3^m?&fflm^{C*3 

10 0. m^^5 9 9 9 (^l^©v^-rtb^^-o^rlB«oJl^5|s^mMffim^{- 

10 1. iS^iJ 5 9 9 9 Ortf^V^TttJ^)^— otriBft(D^i^m?&fflmi^^ 
10 2. 100 {c:f5«<7?@#:ii5:9-^®i^M«MmM^fflv>5 ^ ^ 

44 



wo 02/075831 PCT/JP02/02619 

10 4. mi^^i 0 1 i3iiB^(D^5N-m?&ij:*5v^T. ^^m^mRxj^. i^f^i-^ 
10 5. it*:^i 0 0 3\cmM(Dmw-M^^^mnnm^^\^^x\ 

110. f»*^ 10 0 i,zLmm(Dmi^^^^mmnm.mmm,m^mh^timi^M 



45 



wo 02/075831 



PCT/JP02/02619 



11 




1/3 



wo 02/075831 



PCT/JP02/02619 



13 




2/3 



wo 02/075831 PCT/JP02/02619 




3/3 



Intemational application No. 

PCT/JP02/02619 

A. CLASSIFICATION OF SUBJECT MATTER 

Int-Cl"^ H01M4/96, H01M4/88, H01M8/10 

According to Intemational Patent Classification (IPQ or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

Int.Cl'' H01M4/86-H01M4/98, H01M8/02, H01M8/10, C01B31/02 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Torokn Jitsuyo Shinan Koho 1994-2002 

Kokai Jitsuyo Shinan Koho 1971-2002 Jitsuyo Shinan Toroku Koho 1996-2002 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
JOIS 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


WO 99/40023 Al (Institutt For Energiteknikk) , 


106, 108 




12 August, 1999 (12.08.99), 






Whole document 






& JP 2002-502793 A 




A 


JP 2001-64004 A (Japan Science and Technology Corp. ) , 


1-110 




13 March, 2001 (13.03.01), 






(Family: none) 





Further documents are listed in the continuation of Box C. |^ See patent family annex. 



♦ Special categories of cited documents: "T* later document published after the international filing date or 
"A*' document defining the general state of the art which is not priority date and not in conflict with the application but cited to 

considered to be of particular relevance understand the principle or theory underiying the invention 
"E" earlier document but published on or after the intemational filing "X" document of particular relevance; tht claimed invention cannot be 

date considered novel or cannot be considered to involve an inventive 
"L" document which may threw doubts on priority claim(s) or which is step when the document is taken alone 

cited to establish the publication date of another citation or other document of particular relevance; the claimed invention cannot be 

special reason (as specified) considered to involve an inventive step when the document is 
"(y* document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, sudi 

means combination being obvious to a petson skilled in the art 
"F' document published prior to the intemational filing date but later document member of the same patent family 

than the priority date claimed 


Date of the actual completion of the intemational search 
12 April, 2002 (12.04.02) 


Date of mailing of the intemational search report 
23 April, 2002 (23.04.02) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Fonn PCr/lSA/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



S^WM#^ PCT/J PO 2/0 2 6 1 9 



A. 5iw«?jR-rs4)-»«)^ im!Si<m^ (i po )• 

Int. Cl^ HO 1M4/9 6, HO 1M4/8 8, H0.1M8/1 0 



m^^n^itm^i^vmn mmm^m (i po ) . 

Int. CI' HO lM4/'8 6-HO lM4/'98, HO 1M8/02, HO 1M8//1 0. 
CO 1 B 3 1/0 2 



^^mmmmm^^n 1926-1996^ 

B :^m^^mmmwim^j^m 1971-2002^ 

B;*:ffl^*fflff^^# 1994-200 2^ 

B*H^ffl!^|gS^^« 1996-2002^ 



JOI S 



X 



wo 99/40023 Al (INSTITUTT FOR ENERGITEKNIKK) 1999. 08. 12, whole 
document & JP 2002-502793 A 

jp 2001-64004 Am^mBm$ii^mm)2m. 03. 13(7 r ^ v — 

U) 



106, 108 



1-110 



<0 B <0:^IC<2t* $ tbfclSlS^ 

r&j IS— ^^T'l^H^^r * : 



12. 0 4. 0 2 



BJtcfflijtfFJt (I SA/ J P) 
0 0-8 9 1 5 
m]SflS=ffCBE®3^iiHT a 4# 3 



ffl|^MW«>f8iiB Qg 



4X 



9 2 7 5 



mS## 03-358 1-1101 rtH 34 7 7 



«|S:PCT/I SA/2 1 0 (^2-<-v') (1 9 9 8¥7^) 



